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Box No. I Basis of the report 



1 . With regard to the language, this report is based on the international application in the language in which it was filed, unless 
otherwise indicated under this item. 

□ 

This report is based on translations from the original language into the following language , 

which is language of a translation furnished for the purpose of: 

I I international search (under Rules 12.3 and 23.1(b)) 

I 1 publication of tiie international application (under Rule 12.4) 

I I international preliminary examination (under Rules 55.2 and/or 55.3) 

2. With regard to the elements of the international application, this report is based on (replacement sheets which have been 
furnished to the receiving Office in response to an invitation under Article 14 are referred to in this report as **originally filed" 
and are not annexed to this report): 

n The international application as originally filed/furnished 
the description: 

pages 1-4, 1041 , as originally filed/fumished 

pages* 5-9/1 received by this Autfiority on 26 November 2004 (26.1 1.2004) 

pages* received by tiiis Authority on 



the claims: 



.* 



, as originally filed/furaished 

, as amended (together with any statement) under Article 19 



pages* 1-2, 4-9, 12''15, 18-20, 23-25, 27-30 received by this Authority on 26 November 2004 (26.1 1.2004) 



received by this Authority on 



the drawings: 

pages 1"32 , as originally filed/fiimished 

pages* received by this Authority on 

pages* ^received by this Authority on 



I I a sequence listing and/or any related table(s) - see Supplemental Box Relating to Sequence Listing. 



3. 12SJ The amendments have resulted in the cancellation of: 
I I the description, pages ^ 



the claims, Nos. 3, 10-11,16-17,21-22 

I I the drawings, sheets/figs 

I I the sequence listing (specify): 



I I any table(s) related to sequence listing (specify): 



4. This report has been established as if (some of) the amendments annexed to this report and listed below had not been 
made, since they have been considered to go beyond the disclosure as filed, as indicated in tiie Supplemental Box 
(Rule 70.2(c)). 

I I the description, pages ^ 

I I the claims, Nos. ^ 



I I the drawings, sheets/figs 

I I the sequence listing f'^pecijj;^: 

I I any table(s) related to sequence listing (specify): 



* If item 4 applies, some or all of those sheets may be marked "superseded. ' 
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Box No. IV Lack of unity of invention 


1 • 1 1 ^ response to the invitation to restrict or pay additional fees the applicant has: 




1 1 restricted the claims. 




1 1 paid additional fees. 




1 1 paid additional fees under protest 




\^ neither restricted nor paid additional fees. 





2. 1^ ™® Authority found that the requirement of unity of invention is not complied with and chose, according to Rule 68 1 
not to mvite the applicant to restrict or pay additional fees. ' 



\, This Authority considers tiiat the requirement of unity of invention in accordance with Rules 13.1, 13.2 and 13.3 is 
complied with. 

not complied wife for the following reasons: 

See supplemental sheet 



L Consequently, this report has been established m respect of the following parts of the international application: 
1^ all parts. 

tiie parts relatmg to claims Nos. 
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Supplemental Box 

(To be used when the space in any of the preceding boxes is not sufficient) 

Continuation of: IV • 3 . 

The invention described in claims 1, 2, and 4 to 7 
pertains to a semiconductor laminate structure having 
non-uniform quantum dots; the invention described in 
claims 8, 9, and 12 to 14 pertains to a light-emitting 
diode using a semiconductor laminate structure having 
non-uniform quantum dots; the invention described in 
claim 15 and claims 18 and 19 pertains to a semiconductor 
laser diode using a semiconductor laminate structure 
having non-uniform quantum dots; and the invention 
described in claim 20 and claims 23 and 24 pertains to a 
semiconductor optical amplifier using a semiconductor 
laminate structure having non-uniform quantum dots. 

The invention described in claims 25 to 29 pertains 
to a manufacturing method for a semiconductor device 
using a semiconductor structure having non-uniform 
quantum dots, but claims 25 to 29 cannot be said to 
describe a single method applied particularly in order to 
manufacture the semiconductor laminate structure having 
non-uniform quantum dots of the invention described in 
claims 1, 2, and 4 to 7 . 

(The manufacturing method of the invention 
described in claims 25 to 2 9 cannot be considered a 
method of manufacturing quantum dots which are 
characterized in that ^^the different quantum dots are 
formed from non-uniform quantum dots having both/either 
different sizes and/or compositions and comprising a 
compound semiconductor^" and that ^^the non-uniform 
quantum dots have a plurality of c[uantum levels 
corresponding to a plurality of wavelengths which include 
at least either of ultraviolet light to visible light or 
infrared light including the 1.3 |am band and the 1.5 |Lim 
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Supplemental Box 

(To be used when the space in any of the preceding boxes is not suflScient) 



Continuation of: IV . 3 . 

band, and which with the input of electrical current, 
serve as the emission peak(s).") 
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Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



Statement 
Novelty (N) 

Inventive step (IS) 
Industrial applicability (lA) 



Claims 
Claims 

Claims 
Claims 

Claims 
Claims 



1, 2, 4-9, 12-15, 18-20, 23-30 YES 

NO 



YES 



1, 2, 4-9, 12-15, 18-20, 23-30 



1, 2, 4-9, 12-15, 18-20, 23-30 



YES 
NO 



Citations and explanations 
Document 1 : 



Document 2 



Document 3 



Document 4 



Document 5 : 



Y. Nonogaki et al., ^^Formation of InGaAs 
dots on InP s\ibstrate with lattice -matching 
growth condition by droplet heteroepitaxy, " 
Compound Semiconductors 1998 Institute of 
Physics Conference Series, No. 162, 1999, 
pages 469--473 

JP 2002-43696 A (Fujitsu Ltd.), 8 February 
2002, paragraphs [0028] - [0035] , [0100]- 

[0114] , fig. 7 (Family: none) 
JP 9-326506 A (Fujitsu Ltd.), 16 December 
1997, paragraphs [0040] - [0051] , fig. 15-17 

(Family: none) 

US 2001-028755 Al (Fujitsu Ltd.), 11 October 
2001, paragraphs [0061] - [0082] , paragraph 
[0109] , fig. 6, 9, 10, 
& JP 2001-255500 A 

JP 2000-196065 A (Fujitsu Ltd.), 14 July 
2000, paragraphs [0026] - [0030] , [0056]- 
[0060], fig. 3, 8, 9 (Family: none) 



Claims 1 to 3 0 

Document 1 does not disclose a compound 
semiconductor characterized in that quantum dots have 
mutually differing compositions. 
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However, the double heterostructure wherein cladding 
layers having a bandgap greater than that of an active 
layer are provided on both sides of said active layer is a 
known quantum structure disclosed in documents 2 to 4, and 
moreover, the active layer and cladding layers of the 
semiconductor devices disclosed in documents 2 to 4 
comprise compound semiconductors having constituent 
elements such as Ga or the like, which serve as a source 
of ^^meltback and mutual dispersion of the constituent 
elements of the compound semiconductor.'' 

Accordingly, a person skilled in the art could 
easily conceive of applying the aforementioned double 
heterostructure to the quantum dots disclosed in document 
1, thereby deriving an invention wherein there is 
''meltback and mutual dispersion of the constituent 
elements of the compound semiconductor." 
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VIII. Certain observations on the international application 



The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully 
supported by the description, are made: 



(1) The meaning of the phrase ^'have a plurality of 
quantum levels," used in the statement of claim 1, wherein 
^^the non-uniform quantum dots have a plurality of quantum 
levels corresponding to a plurality of wavelengths which 
include at least either of ultraviolet light to visible 
light or infrared light including the 1.3 jim band and the 
1.5 jam band, and which with the input of electrical 
current, serve as the emission peak(s)," is unclear, 

(It is unclear whether each individual quantum dot 
"'has a plurality of quantim levels,'' or whether, in order 
that the quantum level of individual quantum dots be 
different, there exists a plurality of quantum levels for 
entire groups of multiple non-uniform quantum dots . ) 

(2) For the same reason, the meaning of the phrases 
^'have a plurality of quantum levels" and ''having a 
plurality of quantum levels" used in claims 2, 8, 9, 15, 
and 20 is unclear, and thus, it is not clear what the 
inventions described in claims 2 to 24 are. 

(3) The description of the present application states 
that : 

^^[A]n Alo.26Gao.21Ino.53As layer (3b) is laminated onto 
the quantum dots (19) in a thickness of, for 
example, 5 to 10 nm. While this layer is being 
grown, meltback and mutual dispersion of the n-type 
cladding layer (5) and ... the constituent elements of 
the compound semiconductor serve to give the quantum 
dots (19) a composition that is not simply InAs, but 
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VIII. Certain observations on the international application 



is instead a composition such as In^GayAs (here, x + 



y = 1) that includes, for example, Ga or the like 
from the cladding layer. ... Moreover, the quantum 
dots can be made non-uniform." (page 23, line 21 to 
page 24, line 6) 

However, the inventions described in claims 1, 2, 4 
to 9, 12 to 15, 18 to 20, 23, and 24 do not have as an 
invention-defining feature the prerequisite constitution 
for having the aforementioned ^^meltback and mutual 
dispersion of the constituent elements of the compound 
semiconductor," which bring about quantum dots having 
different compositions; thus, these inventions cannot be 
clearly understood. 

(4) The invention described in claims 15, 18, and 19 is 
a semiconductor laser diode wherein ''the non-uniform 
quantum dot layer is excited, and a laser is emitted at 
specified multiple wavelengths," but this is not 
sufficiently supported by the description. 

(The second embodiment merely uses stripe electrodes 
for the LED electrodes and forms a mirror using cleavage 
planes, but said embodiment does not necessarily emit a 
mult i -wavelength laser, and thus, the description does not 
provide sufficient disclosure in the explanation of the 
third embodiment, fig. 6, fig. 7, the explanation of the 
sixth embodiment, fig. 30, and fig, 31 to allow a person 
skilled in the art to carry out the invention so as to 
emit a laser at multiple wavelengths.) 

(5) The meaning of the phrases ''an epitaxy method not 
requiring lattice strain" and "formed according to a self- 
limiting function using a droplet epitaxy method" used in 
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claim 25 is unclear, and thus, it is not 
inventions described in claims 25 to 3 0 


clear what the 
are , 
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s, P,-, (r^lT. 0<x<lT'fe?). 0<y<l-i?fe5o ) , AU Gav 
Inw As u + v+w=lt?fe(9, .O^^o, ^Mt;i^3Jt5^^J^i|i;5So 

. 9 5eV~l. 9 e V) ©^ttd^lo-t?fc«5, ;^^4^Kiy h>5S, 1. 3 

VN„ *fc. ^^^-^^i^Kixh^it^Wi-S^^ftsa^fliatO^^KttlnPT?*, 
!5x S^Ks^ hJ^Ga, In,-, As (^;i-e. 0<x^0. 6 ) ?) , Jg-j^ 
S»:SA1, In,-, As (r^l-T?, x = 0. 2 7~0. 4 0-efe!5. ^Ji^o, mm 
i^^if^mm^m-A^O. 95eV~l. 24eV) *fc«Al„Ga, I n„ A 

s (^^-e, u + v+w=iT'fei?, d^o, m.m^mir^mm^m7!>^o. 9 5e 

V~l. 24eV) T-fct). iJ^^ixK^ttAl, In,-, As (^L^l^e. x = 0 
. 42-0. 4 :d^-D^ mmi^^if^mf^mm^^l. SeV-l. 46 

eV) ^fc?iAl, Gay In^ As (r^T% x + y + z = 1 Tfe ^) , ^i^o, 
^?l.(e:*3(t5^flJ^i|iI^S 1 . 3 e V~ 1 . 4 6 e V) T'fe ^) , Kix 
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X Inx-x As (r^lT. 0<x^0. 6) -efcttf^J;V\ A^^K^/hfi 
^ Ga. Inx-. As 0<x^0. 6) X^hV. I n P, 

Al, Inx-xAs (i:::^. x = 0. 2 7~0. 6 5Tfe«9,;0.o, mic:i3 
ftS^»te;J5o. 9 5eV~l. 9 e V) . G a . In.-. As, P.-/ 
wt?. 0<x<l-efe?), 0<y<n?fcS„ ) , AK Ga, In, As (;i 
u + v+w=lT^t9, ;0^o. ^m};i*3Jt5^fim*I^S0. 9 5eV~l 
. 9 e V) 0(Rrtl/:d=» 1 0-efc;^^f^ J;v\ 

^ e>}c:. ^^feiJ^-Y K(75S*g{i I n PT*& «9 . »^ hfiG a , In x-. 
As (r^T% 0<x^0. 6) T-fetj^ ?gttM«Al. I n x-. As Cl^lT' 
^ x = 0. 27-0. 4 0X:h^. mm\z:$3if^mmm7i^O. 95eV 

--1. 24eV) *yh«Al„ Gav In, As (r^T% u + v+w=l-t?fc 
•5. ^mtC*5{t5»J^*I;5So. 9 5eV~l. 2 4 e V) -^fe ^) , 9 
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n^-. As (r::T% x = 0. 27-0. 40T'fe«9. /ii^o, ^MlC^Stt-S^^J 
^*I;aS0. gSeV-l. 24 eV) ^tci^Al. Ga, InwAs 
u4-v+w=l-efc<9, ;e)>o, ^iafJ::i3ttS^0I«i|>IdSo. 95eV~l. 24 
eV) iS'^ixKgttAl, Ina-, As CliT. rrT\ x = 0. 4 

2-0. 4 8T'fe«9. ;ei^o, ^?a{c:*3lt5^$lJ=^i|>I;dS 1 . 3eV~l. 46eV 
) *fcf:iAlx Ga, In. As (n^l-C^ x + y + z = 1 "Cfc !9 ^ d=»o^ 
ii::*3itS^^mifii;$S 1. 3eV~l. 46eV) TfctL« J;v\ t fc. f^^im t 

> ^^-^£m^h-yhf>K m^m>hnntft. i. a^t^m^^t;?!. SMm^^ 

X I tlx-. As (i^l-C, 0<x^0. 6) -Vhr), ^'&cm\tAl. Inx-. 
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X^h\). ^^lymitAU In.-, As (^:iT% x = 0. 4 2-0. 48^ 
h^. id^o. mm^^if:S>mmmi!>^l. SeV-l. 46eV) *fc«Alx 
Ga, In, As d;!"??, x + y + z = 1 T'fc «9 , :0>o, ^?a{c:*3^tS^^J^ 
3eV-l. 4 6eV) Tfctbf^JcV^ ^fc. ^mmt. ^ ^ K«;dS 

VN3.fc->5r^e/^,^^^^j.j.^j^^^^^ ^^^^ ^^-^^*^Kixh«5t;a^ M 
IB«^{C*3V^T. ^#^^gf*. ¥^#:U~rj5^^:;^--K^tJ« 

36>e,?^^$tbTV^5o *fc. 0^L<?i. ft^Kiyh^it;^^ InAs^fcf^G 
ax In,-, As (;::^T% 0<x^0. 6) d^b^^S. ^btC. 0^b<f*. 
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It ^ <^ ^ H 

±m^i^-fj^m^ m^m-^-^n^^ 1.3^ m^Rx^ 1 . 5 ^ m 
3. mm) 

5. miEm StflBA^^Ks/ Gax I m-. As (r::T% 0<x 
^0. 6) Xh^^ 

^lB^gttJi«, InP, Alx Inx-x As (C:rT% x = 0. 2 7-0. 6 

4 2 
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5Tfe?). ;5^o, mt;i^3tt5»J=^4g;dSo. 9 5eV~l. 9 e V) , Ga, 
I n,-. Asy P,_, (^;i-t?. 0<x< 0<y< iTfeSo ) , A 

lu Gav In„As u + v+w=1-C$>«9. d>o, mUKiSi-f^m 

9 5eV~l. 9 eV) <Dinfh7b^l<>-Qh^ . 
±m^-m-ts:m'f- h^iyhi)K 1 . 3n m^RXJ^ 1 . 5 ^ m^^^t^m^^(Dm 

MlEfi^Ki/ h«Gax In,-", As (r;::-^?. 0<x^0. 6) X^h^ . 

t&IB?g'i4^f*A 1 , In,-x As (^::t?. x = 0. 2 7~0. 4OX-h'0. 
^^o, ^m{il*5ltS^^J=^i|iI^So. 95eV~l. 24eV) ^^cJ^AK Ga 
V Iiiw As u + v+w=l-efc«9. *^o, ^m{J:*3tt-5»J'^4g;$s 

0. 9 5eV~l. 24eV)t?fet)^ 

*&|B^7 5/ Kgf*A 1 , In,-, As (^^-C, x = 0. 42~0. 4 8Xh 
15. /6^o, mi.lc:*5tt^»mi;6Si. 3 e V- l . 4 6 e V) ^fc{iA U G 
a. In. As Cir-r, ^ + y+z = lXhK>. d>o, l^taiv^Stt-S^fimilii 
3eV~l. 46eV) 



7. miEm m^i&mtmu^9^y}^mi^m^m^^tix\^>^:Lt^ 
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8. miEm pm^^m^mt. nm^^mi^mt, pm^^tcnnm^mi^ 
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10. mm 



1 1 . m\m 

yhfiGax Ini-«As (riT\ 0<x^0. 6) T'&S;i^:Sr#m^i-"5 



13. miEm MlB*-^Kyhf^, Ga, In.-x As 0< 
x^O. 6) XthY), 

mm'&m\t. InP, Al, Inx-x As {:l^X^ x = 0. 2 7~0. 6 
5 -efc t) , d^O, ^ffl{C*5tt 5^^J^iI-I;5S 0 . 9 5 e 1 . 9 e V) , G a , 
Inx-« As, P,_, 0<x<ll?&t). 0<y<lT'$,S„ ) . A 

1« Gav IiiwAs (vl^-T?. u + v+w=ll?fct), ^mjC^Sft-S^ 
fiJ=^i|iM;&so. 95eV'-i. 9 e V) <^^:^^;0^1o•t?fe5;liSr4«^-^ -5. If 
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1 4 . miEm mm^yt^-c h^omm-^ i n p t?^ o . 

«^rl5M^4a«Al, Inx., as (^^T% x = 0. 27-0. 40t?fet)> 
J&^o, ^m{C*5(t5«J=©i|.I;aS0. 9 5eV-l. 2 4 e V) ^fcf^A K g1 
V Inw As (rr-^, u + v+w=lTfet9, ;5.o, ^m}Cj3{t5^$imi(ii;a5 
0. 9 5eV~l. 24 eV) "Cfc «9 ^ 

-hlB^f K h e> RTIi^fe. 1.3;. mmRXJ^ 1 . 5 m 



16. (wm) 

17. m» 
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1 8 . miEm ttf|B^^#:w^if h*(Dmmn I n P , 

ttflB»-?Ky hfiGa« Inx-, As (^:rT% 0<x^0. 6) "efo ^ , 
t«nB?S14Mf^A 1 . Inx-xAs (r^lTr. x = 0. 27~0. 40-t?$>>), 
:0^O, ^m.K:^i1r^mmmM7!)^ O. 95eV~l. 24eV)l *fcJ*A 1 „ G a 
V Inw As u + v+w=i-efefj, d^o, ^aje:*3tts^$ij^i|ii;ds 

0. 9 5eV~l. 24eV)-efc9, 

9 -y h^Mi-iA I . In.-, As x = 0. 42~0. 

4 8T-fe»9. ;5-o. ^?a{c4b-ttS^^imi|iM^Si. 3eV~l. 4 6 e V) . ^fc 
AKGa, In. As wT\ x + y + z = 1 ■X?& t) . ^ja{C*3 
it6^^Ji^i|.S;5Si. 3eV-l. 4 6 e V) T'fcS r Sr#^i -fS. If*^ 1 
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2 1 . (iuTm) 



2 2. (^iJI^) 



2 3 . miEm nt^m^^mi$i^mmm<Dmmi^ i n p ^fe , 

Bul5ft^^K5/hJ*Ga, In.-, As (^1^-^, 0<x^0. 6)-^^?). 

t&l5?S<4JiJ^ A 1 . Inx-. As (iir-^, x = 0. 2 7-0. AQ-X^h]). 
*>0, ^ia(21*5}tS^$imi;6So. 9 5eV~l. 2 4 © V) *fcf*A K g\ 
V Inw As ClCll?, u + v+w=l-^^?), ;{,>o, 
0. 9 5eV~l. 2 4 e V) . 

tflB^ ^ 5/ KJifiA 1 . In... As (^^-T?. x = 0. 4 2-0. 4 8-C& 
•3. d^o, ^?MJ;i:feJtS^$iJ^i(iIdSi. 3eV~l. 4 6 e V) . Al 
X Ga, In. As (i^lT?. K + y+z = lX-h^. if>-D, mMlC^if?>mM 
m&if^l. 3eV-l. 46eV) T^h^ Z t^Hmff^. it^:«20{C|S^ 
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2 6 . Mffi^^^^gjt. myt^^ K. ^^fr i/^if 
2 8 . miEm mmm^ K 5. h^5t;S.% I n a s * fc«G a , I n 

As (^i^i-e, o<x^o. 6) ^-hfj:^^tt:<mt'r^. m^m2 7izmm 

3 0 . (mw) m^m 25-29 (^^tL;$42:|5m<0^*&-;Jc»-^ K 5, ^ ^ 
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